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Superconductors as giant atoms: qualitative aspects
J.E. Hirsch
Department of Physics, University of California, San Diego
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When the Fermi level is near the top of a band the carriers (holes) are maximally dressed by
electron-ion and electron-electron interactions. The theory of hole superconductivity predicts that
only in that case can superconductivity occur, and that it is driven by undressing of the carriers at
the Fermi energy upon pairing. Indeed, experiments show that dressed hole carriers in the normal
state become undressed electron carriers in the superconducting state. This leads to a description of
superconductors as giant atoms, where undressed time-reversed electrons are paired and propagate
freely in a uniform positive background. The pairing gap provides rigidity to the wavefunction, and
electrons in the giant atom respond to magnetic fields the same way as electrons in diamagnetic
atoms. We predict that there is an electric field in the interior of superconductors and that the charge
distribution is inhomogeneous, with higher concentration of negative charge near the surface; that
the ground state of superconductors has broken parity and possesses macroscopic spin currents, and
that negative charge spills out when a body becomes superconducting.
PACS numbers:
I. INTRODUCTION
The Bloch-Landau description of metals is appropriate to describe the normal state. It describes dressed quasi-
particles (electrons or holes) whose charge sign depends on the location of the Fermi level in the band, and whose
effective mass is different from the free electron mass due to electron-ion and electron-electron interactions. Instead,
we propose that in superconductors the carriers of the supercurrent are bare electrons and that superconductors
should be understood as giant atoms.
Unlike the conventional BCS-Eliashberg theory, the theory of hole superconductivity discussed here is proposed to
describe all superconductors[1]. It proposes that superconductivity arises only when the Fermi level is near the top
of an electronic energy band, and is driven by undressing[2] of the carriers at the Fermi energy upon pairing. It
requires the existence of electron-ion and electron-electron interaction but not of electron-phonon interaction, so that
it predicts that superconductivity can occur in a solid even if the ionic mass is infinite. On the other hand it predicts
that superconductivity cannot occur if there are no antibonding electrons at the Fermi energy, i.e. if the Fermi level
is close to the bottom of the band[3].
When carriers ’undress’ they become more free-electron-like. We argue that certain experiments in superconductors
show that the superfluid carriers are in fact completely free-electron like. Hence they have completely ’undressed’
from both electron-ion and electron-electron interactions. We argue that carriers at the Fermi energy are most highly
dressed by both the electron-electron and the electron-ion interaction when the Fermi level is close to the top of
the band. Furthermore, the formalism shows that the dressing is highest when the ions are negatively charged[4].
Naturally, the most favorable situation for superconductivity is when the carriers are most heavily dressed in the
normal state, because that is when the most is gained by ’undressing’. This is the case for high Tc cuprates, where
the ’dressing’ in the normal state is most apparent. However the same physics applies to all superconductors, whether
high, medium or low Tc[5]. The superfluid electrons are undressed, paired, and otherwise completely free, so that they
behave very much like electrons in diamagnetic atoms. The difference between microscopic atoms and ’giant atom’
superconductors is the same as that between Rutherford atoms and ’Thomson atoms’[6].
In our previous work we have stressed the dressing of carriers due to the electron-electron interaction. However,
by changing the mass of the electron from its bare free electron value, the electron-ion interaction also dresses the
bare electron, increasingly so as the Fermi level moves up in the band. Realizing that ’undressing’ involves undressing
from both the electron-electron and the electron-ion interaction leads to the giant atom scenario[7].
II. DRESSING FROM THE ELECTRON-ION INTERACTION
When an electronic energy band is filled from bottom to top, the electrons that come in first are free to choose
the state that best suits them. Also, when only few electrons exist in the band they will adjust their state to take
maximum advantage of the crystal potential, without being much affected by interaction with each other. These
happy ’bonding electrons’ have a low energy, a smooth wave function with large amplitude between ions to take
2high kinetic energy
undressedbonding
antibonding
Electronic energy band
dressed
low kinetic energy
FIG. 1: Electronic states in a band. The states at the bottom (bonding) have a high density of charge in-between the ions,
and a smooth wave function. The states at the top (antibonding) have a node in the charge density between the ions and a
spiky wave function.
maximum advantage of the electron-ion potential while minimizing their kinetic energy, and an effective mass not
very different from the free electron mass. Each of them contributes to the electrical conductivity of the metal, to the
low frequency optical conductivity, and to the cohesion of the solid by giving rise to an effective attraction between
ions (hence the name ’bonding’).
The situation is very different for the unhappy electrons that come in near the end of the band-filling process, the
’antibonding electrons’. Because of the Pauli principle these electrons cannot take full advantage of the electron-ion
potential, since they have to be orthogonal to the pre-existing bonding electrons. Hence their wavefunction has to
oscillate greatly, having maximum amplitude at the ionic sites and vanishing in-beween, as shown schematically in
Figure 1. With such constraints in fact they would rather reside on isolated ions, which is why they give rise to a
repulsive force between the ions (hence the name ’antibonding’), and sometimes succeed in breaking up the solid or
at least driving it into another more stable configuration (which is why lattice instabilities are associated with the
existence of these electrons at the Fermi energy). The large oscillations in the wave function give rise to a large kinetic
energy.
Furthermore the antibonding electrons do not contribute to the electrical conductivity of the solid nor to the low
frequency optical conductivity, as a matter of fact they ’anticontribute’. When an external force is applied to the
electron (eg by applying an electric potential difference to the solid) both the electron and the ionic lattice will pick
up the added mechanical momentum:
F∆t = ∆pel +∆platt (1)
According to semiclassical transport theory,
F = ~k˙ (2)
∆pel = me∆vel =
me
~
∆(
∂ǫk
∂k
) = me (
1
~2
∂2ǫk
∂2k
) ~k˙∆t =
me
m∗
F∆t (3)
with m∗ the effective mass, which is negative for antibonding electrons, and me the free electron mass. Hence the
electron acquires a momentum that is opposite to the applied force, and the ionic lattice picks up the difference:
∆platt = (1 −
me
m∗
)F∆t (4)
If we quantify the ’dressing’ of the free electron by the momentum transfer to the lattice Eq. (4), it is clear that
the electron-ion interaction increasingly dresses the electron as the Fermi level goes up in the band. This is clearly
seen in ’nearly free electron’ theory, i.e. perturbation theory, where the band energy is given by
ǫk = ǫ
0
k +
∑
K
|UK |
2
ǫ0k − ǫ
0
k+K
(5)
3with ǫ0k = ~
2k2/2me the free electron energy and UK the electron-ion Fourier component for reciprocal lattice vector
K. The effective mass is close to the free electron mass near the bottom of the band (k = 0) where the energy
denominator in Eq. (5) is largest. As k increases the effective mass increases, then diverges and becomes negative
and decreases in magnitude. The momentum transfer to the lattice Eq. (4) increases monotonically throughout this
process. Beyond weak coupling perturbation theory, it is clear that this will be qualitatively similar for all energy
bands since m∗ is positive near the bottom and negative near the top.
Similarly the electrical conductivity per electron as well as the Drude weight per electron decrease monotonically
as the Fermi level rises. The Drude weight is given by
2
πe2
∫
intraband
dωσ1(ω) =
ne
m∗
(6)
The equality holds for the Fermi level close to the bottom of the band, with ne the number of electrons. Near the
top of the band, ne is replaced by the number of holes , nh = 2 − ne, and m
∗ in Eq. (6) by its absolute value. The
difference between the Drude weight Eq. (6) and ne/me, the corresponding value for free electrons, also quantifies
the amount of ’dressing’ and this difference increases as the Fermi level rises from the bottom to the top of the band.
It also represents the optical spectral weight that is transfered from low intra-band frequencies to higher inter-band
frequencies due to the electron-ion interaction.
Superconductivity can be understood as originating in the desire of antibonding electrons at the Fermi energy to
contribute rather than ’anticontribute’ to the electrical conductivity. To do so they have to become like the bonding
electrons at the bottom of the band, getting around the fact that those single particle states are already occupied.
By pairing the antibonding electrons will be able to avoid the Pauli principle, however to do so, it is necessary to
recourse to the electron-electron interaction. This will be easiest for the antibonding electrons when the influence of
the electron-ion interaction force is small, which is the case when the ions are negatively charged[4].
III. DRESSING FROM THE ELECTRON-ELECTRON INTERACTION
Another essential aspect of ’dressing’ arises from the effect of the electron-electron interaction. We have dealt with
this aspect extensively in our published work on hole superconductivity and hence will only discuss it briefly here.
Dressing from the electron-electron interaction parallels the dressing from the electron-ion interaction discussed above.
To separate the two aspects, consider a tight binding band structure in a hypercubic lattice with nearest neighbor
hopping only, so that the band effective mass has the same magnitude for carriers at the bottom and the top of the
band. We ignore here the aspect of dressing associated with the sign of the effective mass discussed above. When
including the electron-electron interaction we also find that the dressing increases as the Fermi level goes up in the
band, and results in a situation where holes (carriers at the top of the band) are highly dressed and electrons (carriers
at the bottom of the band) are undressed[8]. Here the ’dressing’ manifests itself in both an increase in the effective
mass m∗ and a decrease in the quasiparticle weight z, which are approximately related by m∗ = 1/z. The many-body
Hamiltonian that describes this physics is a dynamic Hubbard model[9], and its projection to a low energy effective
Hamiltonian yields a Hubbard model with correlated hopping[10] , with the hopping amplitude decreasing as the
Fermi level rises in the band.
IV. SUPERCONDUCTIVITY FROM UNDRESSING: EXPERIMENTAL EVIDENCE
We have argued in the previous sections that as the Fermi level goes up in the band the carriers become increasingly
dressed by both the electron-ion and the electron-electron interaction. Experiments show that in superconductors
carriers are dressed in the normal state, that the superconducting transition involves ’undressing’, and that carriers
are completely undressed in the superconducting state, as follows:
1. Evidence that carriers in the normal state are dressed
A look at the periodic table shows that essentially all superconducting elements have positive Hall coefficient,
indicating hole transport, or equivalently large ’dressing’ of the bare electron by the electron-ion interaction. The
same is true for compounds[11]. In the highest Tc materials, the cuprates, carriers in the normal state are so heavily
dressed that the validity of the quasiparticle concept has been called into doubt, especially in the underdoped regime.
This is seen from photoemission and optical conductivity measurements, that show small amplitude for low frequency
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FIG. 2: Electronic states in a band. The states at the bottom have a spectral function A(k,ω) with a single quasiparticle peak
of weight z = 1.The states at the top of the band have a spectral function with a small quasiparticle peak (z < 1) and a broad
incoherent spectrum at higher energies.
coherent response and large amplitude for high frequency incoherent response in the normal state, indicating small
quasiparticle weight and large effective mass of carriers in the normal state, i.e. large ’dressing’[12, 13]. Upon hole
doping the normal state carriers become less dressed, consistent with the fact that the Fermi level goes down in
the band and dressing due to both electron-electron and electron-ion interaction decreases as discussed above. The
fact that superconductors are often close to lattice instabilities indicates the presence of ’antibonding’ electrons, i.e.
electrons ’dressed’ by the electron-ion interaction, and the fact that superconductors are usually poor conductors of
electricity in the normal state indicates ’dressing’ of normal state carriers.
2. Evidence that the superconducting transition involves undressing
This is most clearly seen in systems where dressing is highest in the normal state. Photoemission experiments in
cuprates show the emergence of a quasiparticle peak as the system goes superconducting (increase in z)[12]. The effect
is greatest in the underdoped regime where the dressing in the normal state is highest, as expected. This indicates
that dressing is suppressed by the transition to superconductivity and indirectly that the effective mass decreases
through the relation m∗ = 1/z. Optical experiments show directly that the effective mass decreases, as they show
a transfer of spectral weight from high to low frequencies as a system goes superconducting[14, 15, 16]. Concerning
undressing from the electron-ion interaction, we argue that this is evidenced by the observed sign reversal of the Hall
coefficient below Tc, that turns from positive to negative before it goes to zero[17]. This suggests that the dressing
from the electron-ion interaction that caused the Hall coefficient to be positive in the normal state is eliminated when
going superconducting.
3. Evidence that carriers in the superconducting state are undressed
The ’Bernoulli potential’, the electric potential that develops between regions in the superconductor where the
superfluid is moving with different velocities reveals the sign of the charge carriers. All experiments performed
indicate that its sign is consistent with negative electrons being the charge carriers[18] , even though conventional
theory predicts its sign should be the one corresponding to the sign of the charge carriers in the normal state[19]. The
measured magnitude is also consistent with carriers in the superconducting state being free electrons. The sign and
magnitude of the magnetic field that exists in the interior of a rotating superconductor (London field)[20] indicate that
the carriers of the superfluid current are undressed electrons[21]. This is also indicated by the sign and magnitude of
the gyromagnetic effect, the change in angular momentum of a superconducting body that occurs when an external
magnetic field is applied[22].
5V. HOW IS UNDRESSING RELATED TO PAIRING AND SUPERCONDUCTIVITY?
We know that dressing increases when the Fermi level rises in the band, and is largest with the band almost full
when the carriers are holes. When holes pair, the band becomes locally less full, hence undressing should occur
since locally the Fermi level has moved down to where the carriers are less dressed. And of course we know from
BCS theory that pairing is associated with superconductivity. The dynamic Hubbard model predicts that pairing and
superconductivity should occur at low T because undressing causes a lowering of kinetic energy, hence a decrease of free
energy at low T compared to the normal state[9] . The correlated hopping term in the low energy effective Hamiltonian
shows clearly how the effective mass and the kinetic energy decrease when the system goes superconducting[10]. The
dynamic Hubbard model also shows that the quasiparticle weight increases and that transfer of spectral weight from
high to low frequency occurs upon pairing which is a signature of undressing[23].
VI. HISTORICAL PRECEDENTS
Our theory involves pairing as BCS theory does, and in addition it incorporates many ideas that were discussed
earlier but were completely abandoned after BCS theory became established.
The idea that superconductors exhibit quantum mechanics at a macroscopic scale became generally accepted around
the mid 1930’s after the Meissner effect was discovered and London’s phenomenological theory proposed. With it
came the idea that electronic wavefunctions in superconductors extend coherently over the entire macroscopic body.
This naturally follows from considering the expression for the atomic diamagnetic susceptibility
χ0 = −
e2
6mec2
< r2 > (7)
which is small when < r2 > is of atomic dimensions but grows without bounds for macroscopic samples. When the
sample becomes big the effect of the magnetic field generated by the electrons themselves becomes important and the
susceptibility is
χ =
χ0
1− 4πχ0
→ −
1
4π
(8)
The idea that the electronic wavefunction extends coherently over the entire superconducting body is an essential
ingredient of the ’giant atom’ concept. In fact, after Meissner’s discovery and London’s theory it was quite common
to refer to superconductors as being analogous to ’big atoms’ or ’giant atoms’[24]. This was by reference to Eq. (7)
and diamagnetism. However other possible consequences of the ’giant atom’ concept like inhomogeneous distribution
of positive and negative charge, as in atoms, or the possibility of spin-orbit coupling, were not considered at that time.
The idea of a ’non-viscous electronic fluid’ describing the superconducting electrons was popular at that time[25], im-
plying no momentum transfer but rather a complete detachment between electrons and lattice. Specifically, Kronig[26]
proposed to ignore the discrete ionic potential altogether and replace it by ’jellium’. This picture is inconsistent with
antibonding states at the top of the band which transfer large momentum to the ionic lattice, and suggests instead
that the superfluid carriers behave more like electrons at the bottom of the band. At the same time the fact that
superconductors in the normal state exhibit hole rather than electron transport was well known and discussed at the
time[27], so the connection between transition to superconductivity and ’undressing’ from the electron-ion interaction
was somehow implicit in the discussions back then. Of course the concept of pairing was not being discussed at the
time. Also the idea that superconductivity may involve a reduction of the carrier’s effective mass was discussed (by
no other than Bardeen!) in the pre-BCS era[28].
As another precedent worth citing, Meissner wondered whether the electrons that carry the supercurrent are the
same electrons that carry the normal current, or whether new carriers become available in the superconducting
state[29]. He favored the latter, based on the observation that superconducting elements have more than one electron
outside closed shells. This is in qualitative agreement with the principle discussed here: antibonding electrons ’anti-
contribute’ to electrical conductivity in the normal state, and they carry the supercurrent after they undress in the
superconducting state.
VII. THE ROTATING SUPERCONDUCTOR PUZZLE
A simply connected superconducting body rotating with angular velocity ~ω has a magnetic field
~B = −
2mec
e
~ω (9)
6throughout its interior[20], with me the free electron mass. Its origin when a superconducting body is put into
rotation can be understood as follows[25]: the rotating positive ions generate an electric field through Faraday’s law:
∮
~E · ~dl = −
1
c
d
dt
∫
~B · ~ds (10)
hence for a constant magnetic field the electric field at distance r from the axis of rotation is
E = −
r
2c
dB
dt
(11)
and the superfluid changes its velocity according to
me
dvs
dt
= eE = −
er
2c
dB
dt
(12)
For the superfluid initially at rest the final velocity is then
vs = −
er
2mec
B (13)
In the interior the superfluid rotates together with the lattice, so that if the body is rotating with angular velocity ω,
vs = ωr and
ω = −
e
2mec
B (14)
from which Eq. (9) follows. Alternatively, Eq. (9) can also be directly derived from the London equation.
There is a problem with this however. The centripetal force required for an electron to rotate with angular velocity
ω at radius r is only one-half the one provided by the Lorenz force due to the magnetic field Eq. (9). In other words,
an electron in a magnetic field B rotates at the cyclotron frequency ω = eB/mec rather than at the Larmor frequency
Eq. (14). The giant atom scenario resolves this difficulty as explained below[30].
VIII. THE GIANT ATOM SCENARIO
If we accept that the wavefunction of the superconducting electron extends coherently over macroscopic distances
it is difficult to imagine how it could ’know’ about the microscopic variation of the ionic potential over the scale of
Angstrom and adjust accordingly, as antibonding electrons have to do. Rather, it is natural to conclude that the
antibonding electrons at the Fermi energy manage to detach themselves completely from the lattice (’undress’ from
the electron-ion interaction) and adopt a ’long wavelength’ wavefunction that does not ’see’ microscopic details. In
that case each of these electrons will see a smeared positive charge distribution, screened self-consistently by all the
other electrons in the system. We call this the ’giant atom’ scenario[7] (Figure 3).
In microscopic atoms, electrons do interact with each other, yet the response to a magnetic field involves the free
electron mass. Similarly we argue that superfluid electrons in the giant atom superconductor respond with their free
mass, as evidenced by Eq. (9), even though they interact with other electrons. This follows from galilean invariance.
It is only if it can see the discrete non-translationally invariant ionic potential that the electron can respond with an
effective mass different from the bare mass, since only in that case can the lattice pick up some momentum.
For electrons in filled shells of atoms, the change in velocity upon application of a magnetic field is[31]
∆v = −
e
mec
A (15)
with A the magnetic vector potential. This follows from microscopic quantum mechanics, as well as from simple
classical arguments: in an atom, the centripetal acceleration for the electron’s orbit is provided by the electric field
from the ionic charge, Eion
mev
2
r
= eEion (16)
and the change in centripetal acceleration upon application of a magnetic field B is provided by the magnetic Lorenz
force
2mev∆v
r
=
ev
c
B (17)
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FIG. 3: Superconductor as a giant atom (schematic). Electrons are pushed out of the interior towards the surface. An
electric field pointing out exists in the interior of the superconductor. Some electrons will ’spill out’ outside the surface of the
superconducting body[7].
FIG. 4: Wave function of harmonic oscillator for large quantum number. The wave function amplitude is largest near the
region of maximum classical elongation. As a consequence the electronic density is not uniform, in contrast to the plane-wave
free-electron model.
from which Eq. (15) follows for ~A = ~B × ~r/2. For a rotating superconductor, Eq. (9) for the magnetic field in its
interior is consistent with the relation Eq. (17) for ∆v = ωr. The derivation of Eq. (17) from Eq. (16) is only valid
if ∆v << v and indicates how to resolve the puzzle raised by the magnetic field in the rotating superconductor: the
electrons need to be rotating already (as in the ordinary atom) at a speed much larger than ωr before the superconductor
is set into rotation.
However, this can only be possible if there is an electric field inside the superconductor that provides their centripetal
acceleration in the absence of magnetic field, as in the case of the atom Eq. (16). This implies that the electronic
charge distribution in the superconductor, just as in the atom, cannot be homogeneous, rather there has to be more
negative charge near the surface and more positive charge in the interior. But that is precisely what the model of
hole superconductivity predicts, that the superconductor expels negative charge from its interior[32].
These considerations together with the ’undressing’ phenomenology lead us to the model of a macroscopic ’Thomson
atom’, where a positive uniform charge distribution exists over the volume of the superconductor[7], except within a
penetration length of the surface where the compensating negative charge resides. Consider a spherical or cylindrical
geometry for simplicity. The electric field from a uniform charge distribution is linear in r, and the potential acting
on the electron is a harmonic oscillator potential. A wavefunction for such a potential for large quantum number is
shown in Figure 4 . It is not uniform but has larger amplitude for large r. This is of course obvious from the fact
that an oscillator spends most of its time near the region of maximum elongation, and justifies self-consistently the
assumption that the electron sees a positive charge distribution in the interior.
Of course the giant atom scenario with an electric field in the interior is not enough. Electrons in such a potential,
8even in the absence of imperfections, will not exhibit the Meissner effect but rather the much weaker Landau diamag-
netism. This is because there will be a rearrangement when a magnetic field is applied[33]: electrons that are orbiting
with their angular momentum parallel to the applied field will increase their velocity, and would lower their energy
by turning around and joining the electrons orbiting with angular momentum antiparallel to the applied magnetic
field which are slowed down by it. This is where the pairing condition comes in: if for every electron with k ↑ there
is a partner with −k ↓ and it costs a finite energy ∆ to break up the pair, it will prevent (unless the magnetic field is
strong enough) the electron from ’turning over’ because that would break the pair. So the BCS energy gap provides
the necessary ’rigidity’ for the pair to respond like London rather than Landau electrons.
The pairing requires that for every k ↑ electron there is a partner −k ↓ electron, but it does not require that there
be a corresponding −k ↑, k ↓ pair. In fact we argue that this will quite generally not be the case, due to spin-orbit
coupling. The energy of an electron in a macroscopic orbit will be lower if its orbital angular momentum is antiparallel
to its spin, because in its restframe it sees a magnetic field from the positive background that is parallel to its spin
magnetic moment. Thus we argue that spin up electrons will be orbiting predominantly in one direction, and spin
down electrons in the opposite direction, as shown schematically in Fig. 3, giving rise to a macroscopic spin current
which, as explained above, is fully compatible with the pairing concept.
From a purely classical point of view, such a spin current is inescapable if we accept the concept that an outward
pointing electric field exists in the interior of superconductors and that the negative charge density is higher near
the surface. In order for a superfluid electron at radius r to be in mechanical equilibrium it needs to be rotating so
that mev
2/r equals the force from the electric field pulling it in. In the absence of magnetic field and rotation of the
superconductor there is no charge current field vs(r) of the superfluid in the interior of the superconductor. But there
can and will be a spin current field vsσ(r) such that vsσ(r) = −vs,−σ(r).
Some experimental consequences of the giant atom scenario were discussed in Ref.[7]. We predict that the spin
current should give rise to a quadrupolar electric field around superconducting rings, that should be experimentally
detectable, and to forces between superconducting rings due to these electric fields. Furthermore we predict that just
as in regular atoms the negative charge will not be confined to the region of the positive charge but rather will leak
out of the superconducting body, of course in much smaller proportion than for a regular atom. This is likely to play a
role in the proximity effect[34]. Finally, since in the normal state the negative charge distribution is homogeneous we
predict that a radially outward electron current is generated when the system goes into the superconducting state, to
generate the nonhomogeneous charge distribution characteristic of the superconductor. The interaction of this radial
current with the ionic background will deflect up- and down-spin electrons tangentially in opposite directions to give
rise to a spin current of precisely the sign discussed above through the mechanism discussed in Ref.[35]. Furthermore,
the radially outgoing electron current in the presence of a magnetic field will give rise to screening currents that will
cancel the magnetic field in the interior of the superconductor as required by the Meissner effect.
The concept of an electric field in the interior of the superconductor however raises a question: why isn’t it screened
by mobile charges, as electric fields are screened in the interior of normal metals? For the superfluid electrons we have
argued that the electric field produces a force that is the centripetal force that sustains the superfluid spin current.
However at finite temperature there will also be thermally excited quasiparticles which can move . Why is it that
they do not screen the electric field in the interior and nullify it?
This question in fact also arises in the conventional framework when the superconductor is rotating, since an electric
field needs to exist to balance the forces on the rotating superfluid electrons, and has never been addressed in that
framework. For our case there appears to be a simple answer: the theory of hole superconductivity predicts that
quasiparticles are positively charged[36], with charge given by
Qk = e(u
2
k − v
2
k) (18)
which is positive on the average due to electron-hole asymmetry. Positive quasiparticles will be pushed out by the
electric field inside superconductors and not screen the field. In equilibrium a density gradient of quasiparticles will
be established so that the electrochemical potential for quasiparticles will be constant throughout the volume of the
superconductor.
IX. CONCLUSION
The theory considered here proposes that superconductors in the normal state have carriers at the Fermi energy
that are highly dressed by both electron-ion and electron-electron interactions, and that when a metal becomes su-
perconducting these carriers completely undress from both electron-ion and electron-electron interactions and become
free-electron-like, except for the pairing correlations. Superconductivity is driven by electron undressing, and the
resulting system is a macroscopic ’Thomson atom’ with paired time-reversed electrons. The facts that the theory may
lead to an understanding of a variety of puzzling phenomena in superconductors[30], that it provides a unified scheme
9to explain superconductivity in all superconductors[37], that it has a plausible microscopic foundation[3], and that it
can be understood in terms of a single underlying physical principle, undressing, argue for its validity. Ultimately its
validation or refutation will come from experiments testing its predictions. Various of its experimental predictions
are consistent with observations as discussed in the references.
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